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The annual N2O emission was measured from a sandy loam cropped with winter rye (Secale 
cerale L.) and Miscanthus ‘Giganteus’ (M. ‘Giganteus’) using a closed-chamber technique. 
The annual N2O emission from winter oilseed rape was estimated from the literature. The total 
balances of energy and CO2 were calculated to quantify the net CO2-displacement by use of the 
energy crops for combustion in power plants. The N2O emission was 0.5 and 1.09 kg N2O-N 
ha
-1 yr
-1 from soils cropped with winter rye and M. ‘Giganteus’, respectively. For winter 
oilseed rape similar emissions as for M. ‘Giganteus was expected. Converted to CO2-
equivalents the N2O emission reduced the gross CO2-displacement about 2, 4 and 6% for the 
winter rye, winter oilseed rape and M. ‘Giganteus’, respectively. Hence the N2O emission did 
not appear to be a serious threat against the use of energy crops as ‘low-CO2-fuels’. Winter rye 
for energy production resulted in a net CO2-displacement of about 13 t CO2 ha
-1 yr
-1 which was 
about 4 t higher than for M. ‘Giganteus’ and winter oilseed rape. This was due to a high yield 
of biomass ha
-1. The focus must be on maximum energy yield, and not on further minimising 
the energy input throughout the production. 
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INTRODUCTION 
 
The increase in the atmospheric concentration of CO2 is mainly due to the anthropogenic 
emission created by e.g. the use of fossil fuels. A way to reduce the net CO2 emission is the 
use of energy crops for combustion in power plants. However, agricultural management of the 
energy crops implies a potential risk for emission of the greenhouse gas nitrous oxide (N2O) 
from the soil. The net greenhouse effect of N2O per unit mass is estimated to about 320 times 
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 (Callander et al., 1995). Therefore, the objective of the present work was to 
quantify the annual emission of N2O from winter rye, M. ‘Giganteus’ and winter oilseed rape. 
Furthermore the N2O emission will be related to the estimated net CO2-displacement. The 
annual emissions of N2O were measured using a closed-chamber technique and were based on 
results obtained by Jørgensen et al. (1997) for winter rye and M. ‘Giganteus’ and the work 
carried out by Schmädeke et al. (1997) for winter oilseed rape. Total balances of energy and 
CO2 were estimated, and it was evaluated if N2O emission significantly reduces the net CO2-
displacement by energy crop production. In order to obtain comparable yield and balances of 
CO2 and N2O the agricultural management of winter oilseed rape was estimated to fit the site 
were Jørgensen et al. (1997) did the measurements. 
 
 
MATERIALS AND METHODS 
 
 
The soil was a coarse sandy loam in the northern part of Jutland, Denmark. The annual crop 
winter rye and the perennial M. ‘Giganteus’ (planted every 20 years) were applied NPK 
fertiliser at rates of 120, 28, 72 and 75, 22, 66 kg ha
-1 yr
-1, respectively. The winter oilseed rape 
was estimate to need NPK at rates of 190, 28, 93 kg ha
-1 yr
-1 in order to yield 2.5 t oilseed (dry 
matter) ha
-1 at a coarse sandy loam.
  
 
 
N2O Emissions 
 
For calculating the annual N2O emission the accumulated N2O from each crop was calculated 
by using the trapezoidal method for winter rye and M. ‘Giganteus’.  
 
For converting the N2O emission to CO2 equivalents the global warming potential of N2O per 
unit mass was assumed to be 320 times greater than for CO2.  
 
 
Winter rye and M. ‘Giganteus’ 
 
The N2O emissions from the soil were measured from April to November in 1995 using closed 
chambers, able to contain the growing plants (Jørgensen et al., 1997). Three 1.6 m high 
chambers, covering an area of 2× 2 m, were placed in each crop. In the summer and autumn the 
chambers used for M. ‘Giganteus’ were extended to a height of 3 m. The chambers were made 
of a steel skeleton covered by reflecting diffusion tight alufoil. For measuring the N2O flux the 
chambers were placed in the crops in periods of 2-3 h and gas samples were collected for gas 
chromatographic analysis (Jørgensen et al., 1997).  
 
Winter oilseed rape 
 
Near Göttingen, in Germany, the N2O emission from the soil were measured throughout a 2 
years period using closed chambers, able to contain the growing crop (Schmädeke et al., 
1997). Four chambers with adjustable height and a diameter of 50 cm were weekly covered for 
a period of 0.5 to 1.5 hour according to the chamber height. Gas samples were collected for 
gas chromatographic analysis (Schmädeke et al., 1997). 
 Energy and CO2 Balances 
 
A number of assumptions were made, as described in detail elsewhere (Jørgensen & 
Jørgensen, 1994). In summary, the dry matter (DM) yield for winter rye and M. ‘Giganteus’ 
were 12 and 8-ton ha
-1, respectively. For winter oilseed rape the yield was set to 2.5 t grain 
(DM) and 3 t straw (DM) ha
-1. 
 
The estimated energy and moisture content for each crop are listed in table 1. 
  
Table 1. Estimated energy content of straw and grain fractions when combusted 
directly at combined power plants. The numbers are adjusted according the 
moisture content. 
 winter  rye  M. ‘Giganteus’  winter oilseed rape 
  GJ t
-1 DM
-1  moisture (%)  GJ t
-1 DM
-1  moisture (%) GJ t
-1 DM
-1  moisture (%)
Straw 11.8 16 13.6 20 15.0 15 
Grain 14.8  16  -  - 27.0 9 
 
The number of field operations in each crop per year are listed in Table 2: 
 
Table 2. The total number of field operations per year in each 
cropping system 
 
Procedure Establishment
a 
Harvest Transport
d Pesticide 
application 
Fertiliser 
application 
Winter rye  3  3
b 9.25  1  1.25
e 
M. ‘Giganteus’  0.15  2.85
b 5.25  0.3  1 
Winter oilseed rape  3  3
c  12.25 3 1.25
e 
a) Harrowing, ploughing and sowing. 
b) Mowing, big baling and loading (M. ‘Giganteus’ is not harvested the first year).
 
c) Combining of standing winter oilseed rape, big baling and loading 
d) Transport in the field and to the power plants.
 
e) Incl. 1.5 t lime ha
-1 every fourth year. 
 
The CO2-displacement describes the reduction in the CO2 emission when energy crops are 
combusted instead of fossil fuels. The reduced CO2 emission to the atmosphere was calculated 
as the average CO2 emission per GJ by using different fuel types. The total energy consump-
tion included:  
 
•  Direct energy consumption, which is e.g. the energy in fertiliser and fuel, used in the 
production 
•  Indirect energy consumption (manufacturing of machinery and equipment) was 
calculated as the cost of renting operated machinery minus the costs of fuel and salary 
(here: 1MJ per DKr, Parsby, 1996) 
 
 RESULTS AND DISCUSSION 
 
N2O emissions 
 
Fig. 1. Seasonal fluctuations in the water filled pore space (WFPS) at 0-10 cm 
and in the N2O flux from winter rye and M. ‘Giganteus’  
Arrows indicate A: winter rye was fertilised with 120 kg N ha
-1; B: M. 
‘Giganteus’ was fertiliser with 75 kg N ha
-1; C: winter rye was harvested. 
Modified after Jørgensen et al. 1996. 
 
Figure 1 shows the N2O emission and water filled pore space (WFPS) throughout the growth 
season 1995 for M.  ‘Giganteus’ and winter rye. During the spring the N2O emission was 
relatively low for both crops, which was mainly due to a low inorganic nitrogen level in the 
soil water and low soil temperature. In the middle of April 120 kg N ha
-1 was applied to the 
winter rye without causing any positive response in the level of the N2O emission. An 
explanation could be a low WFPS and competition for inorganic nitrogen between the growing 
winter rye and the N2O producing microorganismns.   
The majority of the emitted N2O from rye occurred after harvest when the soil was wetted by 
rain to almost 50% WFPS. In this period fertilised M. ‘Giganteus’ and winter rye emitted 
almost equal amounts of N2O parallel to similar moisture content and amount of inorganic N. 
The pattern in the distribution of a low N2O emission in spring and a high emission in autumn 
in the rye soil, was similar to what Ambus and Christensen (1995) found for barley on a poorly 
drained sandy loam. 
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Winter rye Based on the results obtained by Schmädeke et al. (1997) winter oilseed rape can be expected 
to show a similar pattern in the N2O emission as for the annual winter rye. They showed that 
the emission of N2O during the growth season could be expected to be relatively low and 
constant similar to cereals. After harvest the major contribution to the annual N2O emission 
took place during the autumn and in the following early spring.  
The N2O emission from the M. ‘Giganteus’ crop was about 1.09 kg N2O-N ha
-1 yr
-1 or twice 
the amount emitted from the soil cropped with winter rye. Based on results by Schmädeke et 
al. (1997) it is expected that the N2O emission from the winter oilseed rape would be higher 
compared to the winter rye field due to a relatively larger emission in the late autumn and early 
spring after harvest. The topsoil in the winter oilseed rape field is during the growth season not 
covered with litter as is the case for M. ‘Giganteus’. The topsoil will therefore be relatively 
dryer and it is unlikely that the N2O emission will exceed the amount emitted by the M. 
‘Giganteus’ field significantly. In the following the N2O emission from the winter oilseed rape 
will therefore be set to the same amount as for the M. ‘Giganteus’ 
 
 
Energy Balances 
 
The results of the energy balances for winter rye, M. ‘Giganteus’ and winter oilseed rape are 
listed in Table 3. In general more energy was used for producing the annual crops than for the 
perennial. However, the net energy output when using the winter rye for combustion in power 
plants was about 40% higher than for both M. ‘Giganteus’ and winter oilseed rape, mainly 
because of a relative high biomass yield. Table 3 also shows that the gross energy output per 
unit of energy input in M. ‘Giganteus’ was more than twice as when compared to winter 
oilseed rape. This was mainly due higher energy demand from rape in form of fertiliser for the 
oilseed and the annual establishment of the field. Winter rye also had a lower energy 
output/input ratio when compared to M. ‘Giganteus’ but not to the same extent as was the case 
for oilseed rape due the high biomass yield a lower fertiliser and pesticide demand.  
 
Table 3. Energy balances and ratios 
 
  Unit  winter rye  M. ‘Giganteus’  winter  
oilseed rape 
Energy input  GJ ha 
-1  13 7  16 
Gross energy output  GJ ha 
-1  153 109 114 
Net energy output  GJ ha 
-1  140 102  98 
Gross energy output / Energy input  GJ ha
-1/GJ ha
-1 12 15  7 
Energy input / unit DM yield  GJ/ton  1.1 0.9 6.5 
Gross energy output / unit DM yield  GJ/ton  11.9 12.7 39.3 
 
 
CO2 Balances 
 
The distribution of the CO2 output (Fig. 2) was almost similar to the energy distribution. The 
reason being that the CO2 emission per unit energy for production of machinery, pesticides, 
fertiliser and transport ranged in a small interval from 75 to 90 kg CO2 per GJ (Jørgensen & 
Jørgensen, 1994). This may not always be the case since e.g. excessive use of electricity (270 
kg CO2 GJ 
-1) could shift the distribution of the CO2 output.  
The largest CO2 emissions originated from harvesting, fertiliser use and N2O emissions. 
Differences in the CO2 emissions between the crops appeared mainly from establishment 
(harrowing, ploughing and sowing) and fertiliser use, because the winter rye and winter oilseed 
rape are established every year and require more fertiliser due to production of seed and the 
short intensive growth season. The M. ‘Giganteus’ also produced a high CO2 emission 
originating from the fertiliser application. The similar situation can indirectly be expected to be 
the case for winter oilseed rape when the stubble and the root are being decomposed in autumn 
and spring. 
 
Fig. 2. Distribution of CO2 output (kg CO2 ha
-1 yr
-1) to the atmos-
phere including N2O emission 
 
 
In Table 4 are listed the CO2 balances for the three crops. The CO2 contribution from N2O 
emission were 20, 49 and 30 percent relatively to the total CO2 output from the winter rye, M. 
‘Giganteus’ and winter oilseed rape, respectively (Fig. 2 and Table 4).  
 
In order to save energy in the agricultural management, reduced or no-tillage systems for 
energy crop production seems to be an obvious solution. Use of reduced or no-tillage systems 
may increase the N2O emission as indicated by Aulakh et al. (1992) and consequently increase 
the total CO2 output to the atmosphere. However, if the annual N2O-N emission raised to 10 
kg per hectare, corresponding to 5 t CO2 ha
-1 yr
-1, the obtained net CO2-displacement would 
still be significant in the three crops. 
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M. 'Giganteus'Table 4. CO2 balances (ton CO2 ha
-1 yr
-1) and ratios 
 
 winter  rye  M. ‘Giganteus’ winter oilseed 
rape 
Total CO2 output  1.3  1.1  1.8 
Gross CO2-displacement 13.9  9.9  10.4 
Net CO2-displacement 12.6  8.8  8.6 
Total CO2 emission / Net energy output  kg/GJ  9  11  19 
N2O
a) / gross CO2-displacement %  2  6  4 
a) CO2 equivalents 
 
Table 4 shows that the net CO2-displacement was about 45% higher for winter rye than for M. 
‘Giganteus’ and winter oilseed rape. This was mainly because of higher yield and a lower N2O 
emission from the annual crop. The higher emission of N2O from M. ‘Giganteus’ and winter 
oilseed rape accounted for about 6 and 4% of the gross CO2-displacement, respectively. To 
obtain a net CO2-displacement similar to winter rye the yield in M. ‘Giganteus’ must be raised 
to about 11.5 t ha
-1, everything else equal. For winter oilseed rape the yield needed to be raised 
to about 3.6 t ha
-1 (DM) oilseed or 6 t ha
-1 (DM) straw to get CO2-displacements as for winter 
rye. 
 
 
CONCLUSION 
 
Winter rye for energy production resulted in a CO2-displacement of about 13 t CO2 ha
-1 yr
-1, 
which was about 4 ton higher than for M. ‘Giganteus’ and winter oilseed rape. This was due to 
a high yield of biomass ha
-1. 
 
Converted to CO2-equivalents the N2O emission reduced the gross CO2-displacement about 2, 
4 and 6% for winter rye, winter oilseed rape and M. ‘Giganteus’, respectively. Hence, N2O 
emission did not appear to be a serious threat against the use of energy crops as ‘ low-CO2-
fuels’. 
 
The focus must be on maximum yield per hectare in form energy, and not on further 
minimising the energy input throughout the production. 
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